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[57] ABSTRACT

A photoelectric colorimeter which comprises a photoe-
lectric conversion section including an optical filter to
analyze light coming from a test piece and a reference
calibrating sample into primary color elements, and a
photosensor to convert each of said primary color ele-
ments into an electric signal; and a data processing sec-
tion including a calibration constant calculating device
for calculating a calibration constant for each of a plu-
rality of reference calibrating samples on the basis of a
calibration point of each of the reference calibrating
samples and an information inputted from said photoe-
lectric conversion section, a chromaticity point calcula-
tion device for calculating a chromaticity point of the
test piece and that of each reference calibrating sample,
a memory device for memorizing the calibration con-
stant and calibration point of each of the reference cali-
brating samples, a device for estimating a new calibra-
tion constant suitable for the chromaticity point of the
test piece between the respective calibration constants
of the reference calibrating samples through the inter-
polation using a positional relation between the chroma-
ticity point of the calibration point and that of the test
plece as a parameter, and a correction device for cor-
recting measured value of the test piece by the new
calibration constant.

17 Claims, 10 Drawing Sheets
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1
PHOTOELECTRIC COLORIMETER

BACKGROUND OF THE INVENTION

The present invention relates to a tristimulus value
type photoelectric colorimeter with spectral sensitivity
correcting function.

Conventionally, the photoelectric colorimeter (of
tristimulus value type) is given a spectral sensttivity
close to an isochromatic function [x(y), y(¥), z(y)] by
use of an optical filter and an optical sensor in combina-
tion. |

The spectral sensitivity of this type of photoelectric
colorimeter, however, i1s not entirely identical with the
1isochromatic function. Consequently, measured values
have errors. And also, scattering of the spectral sensitiv-
ity among devices such as each optical filter, etc. causes
the measured values to have instrumental errors. There-
fore, in the case that accuracy of the absolute value as
well as a measurement with few instrumental errors is
required, a spectral type colorimeter is generally uti-
lized that can bring the spectral sensitivity into a theo-
retically perfect identity with the isochromatic func-
tion. But disadvantageously, this conventional spectral
type colorimeter is large-sized and expensive.

SUMMARY OF THE INVENTION

The object of the present invention is, therefore, to
provide a tristimulus value type photoelectric colorime-
ter which has the advantages of being cheap and small-
sized, and to minimize such errors in measurement and
instrumental errors.

Another object of this invention is to provide a tri-
stimulus value type photoelectric colorimeter in which
a recalibration of only one of a plurality of calibration
points is required to remove error factors at all channels
in measurement such as electrical or mechanical error
factors without recalibrating the other calibration
points.

The object of this invention is also to provide a tri-
stimulus value type photoelectric colorimeter in which
the correction of calibration constants of calibration
points 1s achieved through interpolation using a distance
between a chromaticity point of a test piece and each of

4,773,761
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the calibration points, as a parameter continuously 45

changes a calibration constant of the test piece, so that
the test piece can be measured with high accuracy.

In order to achieve the first object, the tristimulus
value type photoelectric colorimeter according to the
invention is characterized in that it comprises a photoe-
lectric conversion section including an optical filter to
analyze light coming from a test piece and reference
calibrating samples illuminated with a light source of
primary color elements, and a photosensor to convert
each of said primary color elements into an electric
signal; and a data processing section including a calibra-
tion constant calculating means for calculating a cali-

bration constant for each of a plurality of reference

calibrating samples on the basis of both information
inputted from said photoelectric conversion section and
representing the primary color elements of the light
coming from each of said reference calibrating samples

50

35

and a calibration point thereof, a chromaticity point

calculation means for calculating a chromaticity point
of the test piece and that of each reference calibrating
sample in conformity with the information from said
photoelectric conversion section, a memory means for
memorizing said calibration constant and point of each

65

2

of the reference calibrating samples and the chromatic-
ity points of the reference calibration point and the
chromaticity point of the test piece, a calibration con-
stant selection means for selecting a calibration constant
suitable for the test piece from among the calibration
constants stored in the memory means in accordance
with a distance between the chromaticity point of the
test piece and. that of each of the reference calibrating
samples, and a correction means for correcting mea-
sured value which indicates the chromaticity point of
the test piece with the calibration constant selected by
the calibration constant selection means.

In order to achieve the second object, the tristimulus
value type photoelectric colorimeter according to the
invention is characterized in that it comprises a photoe-
lectric conversion section including an optical filter to
analyze light coming from a test piece and a reference
calibrating sample illuminated with a light source of
primary color elements, and a photosensor to convert
each of said primary color elements into an electric
signal: and a data processing section including a calibra-
tion constant calculating means for calculating a cali-
bration constant for a reference calibrating sample serv-
Ing as a criterion on the basis of both information input-
ted from said photoelectric conversion section and rep-

- resenting primary color elements of the light coming

from said reference calibrating sample as a criterion and
a calibration point thereof before a calibration constant
of each of the other reference calibrating samples is
obtained relative to that of the criterion sample on the
basis of information representing primary color ele-
ments of the light coming from each of the other refer-
ence calibrating samples, a calibration point for each of
said reference calibrating samples, and the calibration
point of said criterion sample, a chromaticity point
calculation means for calculating a chromaticity point
of the test piece and of each reference calibrating sam-
ple, inclusive of the criterion sample, a memory means
for memorizing the calibration points and chromaticity
points of said reference calibrating samples and the
chromaticity point of the test piece, a calibration con-
stant selection means for selecting a calibration constant
for the test piece according to a positional relation be-
tween the chromaticity point of the test piece and that
of each reference calibrating constant which are stored
in the memory means, and a correction means for cor-
recting a measured value of the test piece, the correc-
tion thereof being carried out with the calibration con-
stant for said criterion sample, which has been calcu-
lated by said calibration constant calculating means, in
case that only the calibration point of the criterion sam-
ple 1s used for the correction, while, in case that the
calibration point of any one of the other reference cali-
brating samples is used, further calibration constant is
estimated from both the calibration constant for the
criterion sample and that for each reference calibrating
sample stored in the memory means without recalibrat-
ing so that the correction of the test piece may be car-
ried out therewith.

In order to achieve the third object, the tristimulus
value type photoelectric colorimeter according to the
invention is characterized in that it comprises a photoe-
lectric conversion section including an optical filter to
analyze light coming from a test piece and a reference
calibrating sample illuminated with a light source of

‘primary color elements, and a photosensor to convert

each of said primary color elements into an electric
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signal; and a data processing section including a calibra-
tion constant calculating means for calculating a cali-
bration constant for each of a plurality of reference
calibrating samples on the basis of both information
inputted from said photoelectric conversion section and
representing the primary color elements of the light
coming from each of said reference calibrating samples
and a calibration point thereof, a chromaticity point
calculation means for calculating a chromaticity point
of the test piece and that of each reference calibrating
sample in conformity with the information from said
photoelectric conversion section, a memory means for
memorizing said calibration constant and calibration
point of each of the reference calibrating samples and

the chromaticity points of the reference calibration

pomnt and the chromaticity point of the test piece, a
means for estimating a new calibration constant suitable
for the chromaticity point of the test piece between the
respective calibration constants of said reference cali-
brating samples through the interpolation using a posi-
tional relation between the chromaticity point of each
of said calibration point and that of the test piece as a
parameter, and a correction means for correcting mea-

sured value of the test piece by the new calibration
constant.

BRIEF DESCRIPTION OF THE DRAWINGS

- The present invention will now be described with

reference to the appended drawings, provided purely

by way of non-limiting example, in which: |
FIG. 1is a block diagram of an example of the photo-

electric colorimeter with spectral sensitivity correcting
function according to this invention;

FIG. 2 is a timing chart of the photoelectric conver-
‘sion section;

FIG. 3 1s a flow chart showing the take-in of the
tristimulus value data of the test piece;

FIG. 4 1s a flow chart showing the calculation of the
calibration constants and the storage of the chromatic-
ity points of the calibrating reference samples in accor-
dance with a first embodiment;

FIG. § 1s a flow chart showing the selection of the
calibration constants according to the chromaticity
points of the test piece and of the reference calibrating
- samples and the correction of measured data in accor-

dance with the first embodiment; .

FI1G. 6 1s a flow chart showing the calculation of the

calibration constants, and the storage of the calibration
point, calibration constant and chromaticity point of
each reference calibrating sample in accordance with a
second embodiment;
- FIG. 7 is a flow chart showing calculation of the
calibration constant suitable for the test piece through
the interpolation between the chromaticity points of the
reference calibrating samples in accordance with the
second embodiment;

FIG. 8 1s an illustration showing a distance and a hue
- angle between chromaticity points in accordance with
the second embodiment: |

FIG. 9 1s a flow chart of the photoeleciric conversion
section which is a simplified modification from FIG. 3;
and

FIG. 10 1s a timing chart of the simplified modifica-
tion in FIG. 9.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to FIG. 1, the photoelectric colorime-
ter comprises a photoelectric conversion section 100
and a data processing section 200. The photoelectric
conversion section 100 has six photodiodes Pj.¢ of pho-
tosensor, of which three photodiodes Pj.3 are used for
measurement of a test piece 1, and remaining three
photodiodes P4 for measurement of a light source 2.
Calculating a measured value of the test piece divided
by a measured value of the light source cancels fluctua-
tion of the light source 2 and this makes it possible to
measure in a constant condition all the time. Light from
the test piece 1 or from the light source 2 is analyzed
into its primary color elements with optical filters Fi.¢.
The color elements analyzed are detected by photodi-
odes P16 and converted into electric signals by corre-
sponding photoelectric converter circuits E.¢, the elec-
tric signals being amplified. Amount of electricity cor-
responding to the signal representing each of the color
elements is stored in each of their corresponding sam-
ple-hold circuits Hj.¢ through gates Gy.¢, then transmit-
ted in turn to a comparator 3 through further gates
(G7.12. Central processing unit (CPU) 5, a control sec-
tion of the data processing section 200, carries out an
operation of the tristimulus data (X, Y, Z) on a constant
condition where the fluctuation of the light source 2 is
canceled, at step S130 via steps S101-129 as shown in FIG.
3. |
At step Syp1, the decoder 13 outputs a reset signal
which 1s controlled by CPU 5 through I/0 port 9 signal
to sample-hold circuits Hi- Hg as shown in FIG. 1.
After a predetermined time is counted at step Sio2, the
sample-hold reset signal is cleared at step Sy03. Then, at
step S104, the decoder 13 outputs a signal so as to turn
each of gates Gi- G¢on and, at the same time, illumina-
tion circuit 4 is turned on. Thereafter, at step Sigs, a
predetermined time is counted and, then, the program
proceeds to step Sy, at which gates G- Gg are turned
off and at the same time, the illumination circuit 4 is
turned off. As a result, each of the sample-hold circuits
Hi- Hg¢ holds a signal representing the light amount of
each of the different primary color elements which has
passed through the respective gates Gi-Gg. Then, at
step S107, channel selection (i=7) is carried out. Then,
at step S108, registers of CPU § is reset. Thereafter, at
step S109, gate G7 is turned on and, at the same time,
sample-hold circuit H; starts to discharge electricity.
Then, at step St10, it is discriminated whether output of
the comparator 3 is “Low” or “High”. The comparator

- 3 compares reference voltage outputted from a refer-

ence voltage generator 21 with output of the sample-
hold circuit Hy and it outputs a signal on “High” level
when the output of the latter is lower than the reference
voltage. Discrimination of “Low’ at step Sjjoapplies an
increment to a register of CPU 5, that is, value to be
stored in the register increases at step S 111. On the
other hand, discrimination of “High” brings the pro-
gram to step Si112, at which contents of each of the CPU
registers are stored in the memory (RAM) 7 as F(1).
Thereafter, at step Si113, gate G7 is turned off. As a
result, the analog signal held in the sample-hold circuit
Hj is converted into a digital signal F(1) stored in the
memory 7. At step Si114, 141 is substituted for i and,
when 1=12, the program returns to step Sios, on the
other hand, when i> 12, the program proceeds to step
S115. Thus, in the above procedures, output signals
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representing informations F(1), F(2), . . . F(6) under the
condition that the light source is turned on are stored in
RAM 7. Steps S115through Syzs are substantially similar
to steps Sio1 through S114, except for that measurement
1s carried out in a state that the light source 2 is off, and
output signals representing informations D(1), D(2), . ..
, 1D(6) of the photodiodes Py, Py, . . ., Pg are calculated.
At step S129, data D(1), D(2), . . ., D(6) are subtracted
from data F(1), F(2), . . ., F(6) respectively, in order to
obtain data A(1), A(2), . . . , A(6). This is to remove
disadvantages such as an offset of a dark current caused

by change with time. Then, at step S13p, operation of

tristimulus values (X, Y, Z) (measured value A(1), A(2),
A(3) of the test piece divided by that A(4), A(5), A(6) of
the light source, respectively) is carried out so as to
cancel fluctuation of the light source 2 and keep con-
stant measuring conditions.

In recelving the signal from the photodiodes Pi, P», .
. . ;» Pg, gates G1.12 open with the timing shown in FIG.
2. Output from the comparator 3 is shown in FIG. 2.

The data processing section 200 comprises aforemen-
tioned CPU 5§ used for controlling and calculation:
ROM 6 storing programs for the system controlling,
color conversion, etc.; aforementioned RAM 7 as a
memory means storing information of color, etc.; a
clock 8; an 1/0 port 9; a display section 10 such as a
liquid crystal display device, a printer or the like for
displaying results obtained by the measurement, and a
keyboard 12 for operating the photoelectric colorime-
ter. It also comprises a warning section 11 and a de-
coder 13.

At the beginning of using the photoelectric colorime-
ter, 1t 1s required to perform a preliminary operation
necessary for calibration according to the flow chart
shown in FIG. 4. This colorimeter has ten calibrating
channels from 0 to 9, and so, the preliminary operation
for calibration can be performed with respect to ten
kinds of reference calibration samples. This colorimeter
requires that the channel 0 should be inputted first.
After the calibration with the channel 0, any other
channel may be selected as desired. And also, it is possi-
ble to remove error factors common to every channel 0,
l;..., 10 such as temperature, etc. by recalibrating only
channel 0, as will be described hereinafter.

A calibrating key on the keyboard 12 is pushed and
the colorimeter is brought into a calibrating mode. In
step S21 it 1s judged whether or not the calibration has
been effected for the channel 0. If not, program pro-
ceeds to step Szz, at which the calibrating channel will
automatically come to 0. Then, an operator prepares a
reference calibration sample for the calibrating channel
0 and places it at the position of SAMP 1 in FIG. 1.
And, at step S3 he inputs tristimulus values (Xo, Yo, Zo)
of the reference calibration samples, that is a calibration
point, by means of numerical keys on the keyboard 12.
Then, at step Szs, the reference calibration sample is
measured with a measuring key to get tristimulus values
(X, Y, Z). At step Sjs, calibration oonstants (ao, Bo, Yo)
are calculated with the following equations.

X0 Yo Zy
W=Tx o ho=Ty o v0= 7

At step Sz, the tristimulus values (Xo, Yo, Zo) of the
reference calibrating sample are converted into new
values (Lo*, ap*, bo*) in L* a* b* co-ordinate system so
that the conversion of the color space may be effected.
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The values obtained are stored in a memory area

at
steps Sy7 and S)g as follows. |

a memo(0)=ay
Bmemo(0)=Bg
ymemo(Q) =1y
a*memo(0)==ap*

b*memo(0)=bg*

In L* a* b* co-ordinate system, Lo* is a luminosity
information.
- When it is judged that the calibration in the calibrat-
ing channel O has already been done at step S31, any
channel can be selected from 1 to 9 arbitrarily at step
S29. The calibrating channel selected is assumed to be i
(i=1-9). The operator prepares a calibration reference
sample for calibrating channel i, and subsequently he
inputs tristimulus values (Xi, Yi, Zi) of the test piece by
means of the numerical keys at step S3p. Then, at step
S31, the reference calibration sample is measured to
obtain tristimulus values (X, Y, Z). Thereafter, at step
537, the tristimulus values (X, Y, Z) are corrected using
the calibration constants (ag, B¢, Yo) of the calibration
channel 0 according to the following equations.

Xm=apX
Ym=28pY

Zm=vyoZ

Calibration constants (ai, Bi, yi) are calculated by
substituting the values obtained (Xm, Ym, Zm) in the
following equations.

. A
ai':_

Am

Y;
[ == m—

Ym

y Vi

Then, at step S34, the tristimulus values (Xi, Yi, Zi) of
the reference calibrating sample for the channel i are
converted relative to the L* a* b* co-ordinate system of
different color space. The conversion result (Li*, ai*,
bi*) 1s stored in the memory area.

(Xi, Yi, Zi) — (Li* ai* bi®
color conversion

At the following step S3s, the calibration constants
(ai, Bi, 1) are stored in the memory area for calibration
constants and subsequently at step S36, a chromaticity
point (a1*, bi*) of the reference calibrating sample is
stored in the memory.

a memo{l)=ail
- 8 memof(i)=21
¥ memo(i)=+i
a*memo(i);ai*

b*memo(i) =bi*

The steps S21 through S3s shown in FIG. 4 are an
example of the calibration constant calculating means.
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Hereinafter, measurement of an actual test piece will
be explained according to a flow chart of FIG. §.

At step S41, photometry of the test piece is performed
by operating measuring kKeys to obtain tristimulus values
(X, Y, Z) of the test piece. Then, at step S43, the calibra-
tion data ag, 8o and 7o for the calibrating channel 0 are
recalled from a memo(0), 8 memo(0) and ¥ memo(0)
and at step S43, measurement data obtained are cor-
rected with the following equations.

Xm=agX, Ym=80pY, Zm=vygZ

Next, at step S44, 1t 1s judged whether a mode 1s of

automatic calibration or not. Procedures in both cases
will be now described.

(I) Case of Automatic Calibration Mode

At step S45, the measurement data (Xm, Ym, Zm) of
the test piece which have already corrected in the cali-
brating channel O are converted in the L* a* b* co-ordi-
nate system and results obtained are let to be (Lm¥*,
“am*, bm*). Subsequently, at steps S47 and S43 following
step S46, distances between respective chromaticity
points (a*memo(j), b*memo(j)) of the reference cali-
brating samples for the calibrating channels 0 to 9 and
that (am*, bm*) of the test piece are calculated using the
following equation.

Ad(J) = \ (am* — a* memo (J))* + (bm* — b* memo (J))2

J = 0-9)

At the following step S49, from among Ad(0) to Ad(9)
1s sought such a J as Ad(J) will be minimum. Then, at

step S50, judgement if J is O or not is done. When J is not
0, step Ss; will follow the previous step, where a cali-
bration constant for the calibrating channel J is recalled

from a memo(J), 8 memo(J) and ¥ memo(J). The data
of the test piece is corrected in the following equations
with the calibration constant (ay, 87, vs) for the cali-

brating channel J at step Ss2, which is followed by Step
Ss3.

XmeXm-a memo{J)

YmeYm-8 memo(J)

ZmeZm-y memo{J)

When J=0, step Ss3 directly follows step Sso because
the test piece has already corrected with respect to the
channel 0.

At step Ss3, chromatic space conversion into a desig-
nated color display system is effected by a color display
system switching key, using a tristimulus values (Xm,
Ym, Zm), of the test piece, obtained in the above proce-
dure. Results are displayed on the display section (10)
and printed out.

As understood from the above description, the abso-
lute measurement errors caused by errors of spectral
sensitivity and the instrumental errors caused by the
scattering in the spectral sensitivity between instru-
ments are minimized, owing to the fact that a calibration
constant of a reference calibrating sample which has a
chromaticity point closest to that of the test piece 1 is
recalled for correction of the measured values.

~ (II) Case of Non-automatic Calibration Mode

At step Ss4, a calibrating channel i selected is judged
whether 1 is O or not. When the calibrating channel
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selected is 0, program proceeds to step Ss3. On the other
hand, when it is not 0, program proceeds to steps Sss
and Ssg¢, where the tristimulus values of the test piece
are corrected using the calibration constant of the desig-
nated calibrating channel i as follows.

XmeXm-a memo(i)
YmeYm-8 memo(i)

ZmeZm<y memo(i)

With the tristimulus values (Xm, Ym, Zm) calculated
in the above procedure, color space conversion into the
designated color display system is effected by means of
the color display system switching key, and then con-
version results are displayed on the display section 10
and printed out.

Steps S46, S47, S4g and Sq49 constitute an example of the
automatic calibration constant selecting means, while

steps S43 and Ss constitute an example of the correcting
means.

As the above example proved, in both cases of auto-
matic and non-automatic calibration modes, correction
of the test piece is completed through two steps of
correction, that is, correction by the calibration con-
stant for calibration channel 0, and then, correction by
the calibration constant for calibration channel i (i5£0)
which 1s beforehand stored in RAM 7. Common error
factors in every channel caused by change in optical or
electric circuit systems with time are canceled only by
recalibration for the channel 0, because the calibration

constant for the calibration channel i (i%0) is repre-

sented in the relative form to the calibration constant
for the calibration channel 0. Therefore, the recalibra-

tion for the calibration channel i (i=0) is not required.

In the aforementioned embodiment, measured values
of the test piece 1 are corrected by the calibration con-
stant of a reference calibrating sample which has a chro-
maticity point closest to that of the test piece 1. Alterna-
tively, chromaticity area may be divided into a plurality
of sections 1n advance so as to obtain calibration con-
stants with the reference calibrating samples whose
respective chromaticity points are in one of the divided
sections. Then i1t may be judged which section contains

the chromaticity point of the test piece. Thereby, the

measured values may be corrected with the calibration
constant in a section where the chromaticity point of
the test piece exists. Furthermore, as a second alterna-
tive, correction of the measured values may be effected
as follows. Several reference calibrating samples each
of which has a chromaticity point close to that of the
test piece are selected to obtain a new calibration con-
stant with the interpolation method, based on distances
between respective chromaticity points of the reference
calibrating samples and that of the test piece.

In the embodiment described above, calibration has
been effected by an operator with several reference
calibrating samples before measurement in the auto-
matic mode is done. But alternatively, a calibration
constant for each colorimeter of this invention can be
also calculated in its production process and stored in a
nonvolatile memory or the like. This enables the color-
imeter to measure test pieces with one of various cali-
bration constants stored therein even if an operator does
not have a plurality of reference calibrating samples, but
has only one reference sample for channel 0. Then,
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what the operator has to do to use the automatic cali-
brating mode is only one calibration with the reference
calibrating sample for the channel 0. |

As 1s obvious from the above description, the color-
imeter according to the invention can minimize the 3
absolute measurement errors caused by spectral sensi-
tivity errors as well as the instrumental errors caused by
the scattering in spectral sensitivity between instru-
ments, owing to the fact that calibration constants are
calculated with a plurality of reference calibrating sam-
ples and stored in the memory, and that an optimum
calibration constant is sought from among the calibra-
tion constants stored there in accordance with the chro-
maticity point of the test piece so that the measured
values can be corrected.

Now, a second embodiment of the photoelectric col-
orimeter of the invention will be described. This photo-
electric colorimeter is of the same structure in a block
diagram as that shown in FIG. 1. FIG. 2 is a timing
chart of a photoelectric conversion section 100 of this
embodiment. Similarly to the first embodiment, tristim-
ulus values (X, Y, Z) are calculated by CPU § at step
S130 via steps S101-129 in FIG. 3 in the constant condition
that the fluctuation of the light source 2 is canceled.
Fay F), . . ., Fgat step Sy1z2and D1y, Dgy), . . ., D)
at step S126 correspond to output of the photodiodes Py,
P2, . . ., Pg respectively. In receiving output signals
from the photodiodes Py, P, . . ., Pg, the gates Gi.12
open with the timing shown in FIG. 2.

In using the photoelectric colorimeter, it is required
to perform a calibration with a plurality of reference
calibrating samples of different colors according to the
flow chart shown in FIG. 6. This photoelectric color-
imeter has 20 calibrating channels from 0 to 19, and so, 35
calibration can be performed with respect to 20 kinds of
reference calibrating samples.

A calibrating key on the keyboard 12 is pushed and
the colorimeter is brought into a calibrating mode. At
step 5131, a calibrating channel is selected from among 0 40
to 19 arbitrarily. A channel selected is assumed to be i
(1=0-19). A reference calibrating sample for the cali-
brating channel i is provided and tristimulus values (Xi,
Y1, Z1) which are a calibration point of the reference
calibrating sample are inputted with numerical keys at
step S132. Thereafter, at step S133, the reference calibrat-
ing sample is measured by means of a measuring key in
a subroutine constituted of step Sio; through Si3g to
obtain tristimulus values (X, Y, Z). Then, at step S134,
calibration constants (ai’, S8i', yi') are calculated using 50
the tristimulus values (X, Y, Z) in the following equa-
tions.
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, _Xi_ ., Yi ., Zi
adl = X ’ BI — Y y 71 - Z’ 55
wherein
ag = ag, Bo' = Bo, Y0' = Y0 60
arf =ag-ai, B =Bo-Bi Yy =yo-vyi

(1=0)

At step Si3s, the tristimulus values (Xi, Yi, Zi) of the
reference calibrating sample are transformed to the L*i, 65
a*1, b*1 co-ordinate system of different color system.

Results obtained by the color space transformation are
assumed to be (LL*i, a*i, b*1)

10

(Xi, Yi, Zi) — (L%, a*, b*)
color space transformation

where L*i is a luminosity information.

Next, at step Si36, the calibration constants obtained
(ai’, Bi', yi'), the calibration point (Xi, Yi, Zi) and the
chromaticity point (L*i, a*i, b*i) of the reference cali-
brating sample i are stored in a memory area.

Now, measurement of an actual test piece will be
described according to the flow chart shown in FIG. 7.

First, at step Si41, a test piece 1 to be measured is

measured with a measuring key in the subroutine consti-

tuted of steps Sio1 through Si3p to obtain tristimulus
values (X, Y, z) of the test piece 1. At step S142, calibra-
tion constants (ag’, Bo’, Yo') for the calibrating channel
0 are recalled. Correction of the measurement data (X,
Y, Z) using the following equations provides new tri-
sttmulus values (Xm, Ym, Zm).

Xm=ag" X, Ym=28¢y"Y, Zm=vyy'-Z

Then, at step Si43, the tristimulus values (Xm, Ym,
Zm) calculated at the previous step Si4z are converted
into new values (L*m, a*m, b*m) in the L* a* b* co-
ordinate system of different color space.

(Xm, Ym, Zm) — (L*m, a*m, b*m)
color space conversion

At step Siq44, distance Ad(i) between a chromaticity
point (a*m, b*m), of the test piece, obtained as a result
of the correction with respect to the calibrating channel
0 and that (a*i, b*i) (i=0-19) of the calibration point of
each reference calibrating sample for the calibrating
channels 0-19 is calculated according to the following
equation.

Ad()) = \l(a*m — a*)? + (b*m — (b*))?

i = 0-19)
At step Si4s, calculation of the following operation

expresion (1) is carried out using the distance Ad(i) as a
parameter so as to obtain optimum calibration constants

(am, Bm, ym) suitable for the chromaticity point (a*m,
b*m) of the test piece.

OPERATION EXPRESSION (1)
1 M

1
1 I
)*klz( Ad() )*“""19=(Ad(19) )

where Ad=£0, and n is a constant.

I
Ko = ( Ad0)

k=1ko+ ki +...+ k9
ko K1 k19
Ko=—"F—,Ki=——,..., K9 =——

am=Ko-ay + Ky1-a1" + ...+ Ki9:ay9
Bm=Ko-Bo +K1:-81"+ ...+ Ki9-8¢9
Ym=Ko-yv0 + K1-v1"+ ... + Ki9-v19’

Then, at step Sj4¢, the tristimulus values (X, Y, Z),
obtained at step Si41, of the test piece are calibrated

using the following equation so as to obtain tristimulus
values (Xn, Yn, Zn).
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Xn=am-X, Yn=08m-Y, Zn=ym-Z

Finally, at step Si147, color space oonversion into a
designated color display system is performed by a color
display system switching key on the keyboard 12, and
then, conversion results are displayed on the display
section 10 and printed out.
~ As is obvious in the above description on the second
embodiment, 20 calibrating channels i (i=0-19) are
provided so as to calculate calibration constants (ai’,
Bi', yi") of each of 20 kinds of reference calibration
samples. After that, the calibration constant for the test
piece to be measured is corrected through interpolation
which is performed by calculating an operation expres-
sion using as a parameter a relation in position between
the test piece and each of the reference calibrating sam-
ples which relation is indicated by distance Ad(i) be-
tween the chromaticity points of the both, so that new
calibration constants (am, 8m, ym) are obtained. Ac-
cordingly, calibration constants for the test piece can be
continuously changed to provide each of measured data
of the test piece with optimum calibration constants
(am, Bm, ym) for correction, so that continuity of mea-
sured data of the test piece and a high accuracy of mea-
surement are achieved.

Operation expression (1), in which only distance
Ad(1) between a chromaticity point of the test piece 1
and that of each of the calibrating samples is used as a
parameter to make correction of the calibration con-
stants in each of the calibration points, is used in the
above embodiment. Besides, the following operation
expression (2) may be used, in which difference in hue

between the chromaticity of the test piece and that of

each of the calibration points is added as another param-
eter (See FIG. 8, where Cp, Cy, Ca: chromaticity points

for calibration channels 0-2; M1: chromaticity point of

the test piece; 01, 6: difference in hue angle between
the chromaticity point of the test piece and that of each
calibration channel; d;, dz: distance between the chro-
maticity point of the test piece and that of each calibra-
tion channel; n, n': constants).

OPERATION EXPRESSION (2)

n n'

) | ( A )

1 n

) (F)

7
ko = (cos 20

&1

ki = (cos 5

1
obd(1)

i) nr
ko = 919 !
A\ 72 " eAd(19)
k=ko+ ki + ...+ kig
ko ky | k19
KO:T"KI:T’ , K19 = ——

am = Ko-ap' + K1-ar"+ ... + Kig:ayy
m=Ko-80 +K1-81" +...+ Kjpo-819
Ym=Kov0 +Ki-yv1'+ ... + Kig-7y19’
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‘There may be further operation expressions for inter-
polation, one of which, for example, may have two
kinds of parameters made by analyzing distance Ad(i)
Into a* co-ordinate element and b* co-ordinate element.
Three L*, a* and b* co-ordinate elements of the dis-
tance Ad(i1) may be parameters.

FIG. 9 corresponds to a simplified flow of steps Sio;
through Si30 in FIG. 3, with steps S115 to S129 omitted
by treating F(1-6) as A(i-6). This simplification is possi-
ble if the influence of dark current is negligible. FIG. 10
1s a wave chart showing a timing of opening and closing
of each of gates G through G, output of the compara-
tor 3 and output of the illumination circuit 4, in a flow
chart of FIG. 10.

The invention being thus described, it will be obvious
that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions as would be obvious to one skilled in the art are
intended to be included within the scope of the follow-
ing claims.

What is claimed is:

1. A photoelectric colorimeter which comprises:

a photoelectric conversion section including a spec-
tral separating element to analyze light coming
from a test sample and a reference calibrating sam-
ples illuminated with a light source into primary
color elements, and a photosensor to convert each
of said primary color elements into an electric sig-
nal; and

a data processing section including a calibration con-
stant calculating means for calculating a calibration
constant for each of a plurality of reference cali-
brating samples on the basis of both information
inputted from said photoelectric conversion sec-
tion and representing the primary color elements of
the light coming from each of said reference cali-
brating samples and a calibration point thereof, a
chromaticity point calculation means for calculat-
ing a chromaticity point of the test sample and that
of each reference calibrating sample in conformity
with the information from said photoelectric con-
version section, a memory means for memorizing
said calibration constant and point of each of the
reference calibrating samples, the chromaticity
points of the reference calibration points and the
chromaticity point of the test sample, a calibration
constant selection means for selecting a calibration
constant suitable for the test sample from among
the calibration constants stored in the memory
means in accordance with a distance between the
chromaticity point of the test sample and that of
each of the reference calibrating samples, and a
‘correction means for correcting measured value
which indicates the chromaticity point of the test
sample with the calibration constant selected by
the calibration constant selection means.

2. A photoelectric colorimeter which comprises:

a photoelectric conversion section including an opti-
“cal filter to analyze light coming from a test sample
and a reference calibrating sample illuminated with
a light source into primary color elements, and a
photosensor to convert each of said primary color
elements into an electric signal; and

a data processing section including a calibration con-
stant calculating means for calculating a calibration
constant for a reference calibrating sample serving
as a criterion on the basis of both information input-



13

ted from said photoelectric conversion section and
representing primary color elements of the light
coming from said reference calibrating sample as a
criterion and a calibration point thereof before a
calibration constant of each of the other reference
calibrating samples is obtained relative to that of
the criterion sample on the basis of information
representing primary color elements of the light
coming from each of the other reference calibrat-
ing samples, a calibration point for each of said
reference calibrating samples, and the calibration
point of said criterion sample, a chromaticity point
calculation means for calculating a chromaticity
point of the test sample and of each reference cali-
brating sample, inclusive of the criterion sample, a
memory means for memorizing the calibration
points and chromaticity points of said reference
calibrating samples and the chromaticity point of
the test sample, a calibration constant selection
means for selecting a calibration constant for the
test sample according to a positional relation be-
tween the chromaticity point of the test sample and
that of each reference calibrating constant which
are stored in the memory means, and a correction
means for correcting a measured value of the test
sample, the correction thereof being carried out
with the calibration constant for said criterion sam-
ple, which has been calculated by said calibration
constant calculating means, in case that only the
calibration point of the criterion sample is used for
the correction, while, in case that the calibration
point of any one of the other reference calibrating
samples is used, further calibration constant is esti-
- mated from both the calibration constant for the
criterion sample and that for each reference cali-
brating sample stored in the memory means with-
out recalibrating so that the correction of the test
sample may be carried out therewith.

3. A photoelectric colorimeter which comprises:

a photoelectric conversion section including a spec-
tral separating element to analyze light coming
from a test sample and a reference calibrating sam-
ple illuminated with a light source into primary
color elements, and a photosensor to convert each
of said primary color elements into an electric sig-
nal; and

a data processing section including a calibration con-
stant calculating means for calculating a calibration
constant for each of a plurality of reference cali-
brating samples on the basis of both information
inputted from said photoelectric conversion sec-
tion and representing the primary color elements of
the light coming from each of said reference cali-
brating samples and a calibration point thereof, a
chromaticity point calculation means for calculat-
ing a chromaticity point of the test sample and that
of each reference calibrating sample in conformity
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with the information from said photoelectric con-

version section, a memory means for memorizing
said calibration constant and calibration point of
each of the reference calibrating samples, the chro-
maticity points of the reference calibration points
and the chromaticity point of the test sample, a
means for estimating a new calibration constant
suitable for the chromaticity point of the test sam-
ple between the respective calibration constants of
said reference calibrating samples through the in-
terpolation using a positional relation between the
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chromaticity point of each of said calibration point
and that of the test sample as a parameter, and a
correction means for correcting measured value of
the test sample by the new calibration constant.

4. A photoelectric colorimeter of tristimulus value

type comprising:

means for providing a source light;

a plurality of light receiving means for receiving light
coming from a test sample and a plurality of refer-
ence calibrating samples illuminated with the

source light to produce a plurality of output sig-
nals, each of said plurality of light receiving means
having a spectral sensitivity different from that of
the others;

means for storing a plurality of kinds of calibration

constants, each of which corresponds to each of
the spectral sensitivites of the plurality of light
receiving means, respectively, to produce a plural-
ity of calibration constant signals corresponding to
the stored plurality of kinds of calibration con-
stants;

means for calculating a tristimulus value in accor-

dance weith the plurality of output signals of the
plurality of light receiving means to produce a
tristimulus value signal corresponding to the calcu-
lated tristimulus value;

means for automatically determining a final calibra-

tion constant in accordance with the plurality of
calibration constant signals and the plurality of
output signals of the plurality of light receiving
means, and

means for calibrating the calculated tristimulus value

with the final calibration constant to produce a
final tristimulus value signal corresponding to the
calbirated tristimulus value. -

3. A photoelectric colorimeter according to claim 4,
wherein said determining means includes means for
selecting optimum one from the plurality of kinds of
calibration constants in said storing means.

6. A photoelectric colorimeter according to claim 5,
wherein said selecting means includes means for auto-
matically pick up the optimum one of the calibration
constants In response to said generating means.

7. A photoelectric colorimeter according to claim 4,
wherein said determining means includes means for
automatically carrying out the final calibration constant
determination in response to said generating means.

8. A photoelectric colorimeter according to claim 7,
wherein said automatically carrying-out means includes
means for determining the final calibration constant by
means of the interpolation with the calibration constants
in said storing means.

9. A photoelectric colorimeter according to claim 4,
further comprising means for obtaining the calibrating
constant in accordance with said receiving means for
the storage by said storing means.

10. A photoelectric colorimeter according to claim 4,

wherein said storing means includes storage of a stan-

dard calibration constant and other calibration
constants modified with the standard calibration
constant, and wherein said calibrating means is
always responsive to the standard calibration con-
stant in addition to the final calibration constant.

11. A photoelectric colorimeter of tristimulus value
type comprising:

means for providing a source light;

a plurality of light receiving means for receiving light

coming from a test sample and a plurality of refer-
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ence calibrating samples illuminated with the
source light to produce a plurality of output sig-
nals, each of said plurality of light receiving means
having a spectral sensitivity different from that of
the others;

means for storing a plurality of kinds of calibration
constants, each of which corresponds to each of
the spectral sensitivities of the plurality of light
receiving means, respectively, said storing means
including storage of a standard calibration constant
and other calibration constant modified with the
standard calibration constant, to produce a plural-
1ty of calibration constant signals corresponding to
the stored plurality of kinds of calibration con-
stants;

means for calculating a tristimulus value in accor-
dance with the plurality of output signals of the
plurality of light receiving means to produce a
tristimulus value signal corresponding to the calcu-
lated tristimulus value:

means for automatically determining a final calibra-
tion constant in accordance with the plurality of
calibration constant signals and the plurality of
output signals of the plurality of light receiving
means, and |

means for calibrating the calculated tristimulus value
with the final calibration constant to produce a
final tristimulus value signal corresponding to the
calibrated tristimulus value, said calibrating means
being always responsive to the standard calibration
constant in addition to the final calibration con-
stant. | |

12. A photoelectric colorimeter of tristimulus value

type comprising:

means for providing a source light;

a plurality of light receiving means for receiving the
source light by way of an object and producing
corresponding signal characteristics of the object,
each of said plurality of light receiving means hav-
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first means for providing a first standard calibration

constant;

second means for providing a plurality of kinds of

second calibration constants required for correct-
ing a variety of tristimulus values corresponding to
different colors, each of the plurality of kinds of
second calibration constants corresponding respec-
tively to each of the spectral sensitivities of the
plurality of light receiving means;

means for selecting one of the second calibration

constants in accordance with the corresponding
signals; |
means for modifying the selected second calibration
constants with the first standard calibration con-
stant to determine a final calibration constant, and

means for calibrating the calculated tristimulus value
with the final calibration constant to produce a
final tristimulus value signal corresponding to the
calibrated tristimulus value.

13. A photoelectric colorimeter according to claim
12, wherein said selecting means includes means for
selecting an optimum calibration constant from the
plurality of second calibration constants.

14. A photoelectric colorimeter according to claim
12, further comprising means for obtaining the first
standard calibration constant and the plurality of sec-
ond calibration constants in accordance with said light
receiving means for storage.

15. A photoelectric colorimeter according to claim
12, wherein said modifying means includes means for
automatically carrying out the final calibration constant
determination in response to the calculated tristimulus
value.

16. A photoelectric colorimeter according to claim

13, wherein said selecting means includes means for
automatically selecting the optimum calibration con-

stant 1n response to the calculated tristimulus value.
17. A photoelectric colorimeter according to claim

15, wherein said automatically carrying out means in-

cludes means for determining the final calibration con-

stant by means of interpolation of the calibration con-

stants.
¥ x % ¥k ¥
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